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Switching device. 

© A composite transistor comprising a cascade arrange- 
ment of a bipolar transistor <Q1) and a field effect transistor 
(Q2) serves to control supply of a load current (I). In order to 
ameliorate problems due to stray inductance an auxiliary 
transistor <Q3) provides a shunt path for the base current (l B ,) 
an accumulated base carrier charge from the base (B1 ) of the 
bipolartransistor <Q1 ) to the source (S) of the field effect trans- 
istor (Q3), the auxiliary transistor (Q3) being switched ON via a 
zener diode (ZD3) in response to an increase in voltage at the 
drain of the field effect transistor (Q2) when the latter is 
switched OFF by means of signal e G . A further zener diode 
may also be provided to limit peak voltage at the collector of 
the bipolar transistor (Q1). 
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SWITCHING DEVICE 



This invention relates to a switching device comprising two 
transistors, that is, a first bipolar transistor and a second field 
effect or bipolar transistor. 

In the following description and in the drawings, identical 
reference numerals are used in relation to identical or corresponding 
components. 

A prior art arrangement and problems associated with it will 
now be described with reference to Fig, 2 in which is shown one 
embodiment of a circuit comprising two transistors in a so-called 
cascade arrangement. 

Referring to Fig. 2, a main bipolar transistor Ql 
(hereinafter referred to as a BPT), a field effect transistor Q2 
(hereinafter referred to as an FET) and a zener diode ZD1 are 
interconnected as shown. 

The collector Gl and the emitter El of the BPT Ql, and the 
drain D and the source S of the FET Q2 are connected in series at the 
emitter E and the drain D to enable current supplied to a load (not 
shown) to be switched ON-OFF (for the sake of convenience, this 
current is reffered to herein as the collector current). Further, the 
transistors Ql and Q2 are collectively referred to as a composite 
transistor for the sake of the convenience. The zener diode 2D1 is 
connected between the base Bl of the BPT Ql and the source S of the 
FET Q2 in such a way that the side of the base Bl comprises the 
cathode side of the diode . 

An ON-OFF signal voltage e G , determining the ON-OFF state 
of the collector current 1^ , is applied by way of a driving circuit 
(not shown) between the gate G and the source S of the FET Q2, while 
a base current I R1 is supplied to the base Bl via a base power 
source EB connected between the base Bl of the BPT Ql and the source 
S of the FET Q2 when the latter is turned ON. 
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The circuit is arranged to provide a composite switching 
element at high speed and high voltage endurance by the combination 
of high speed and low voltage endurance characteristics of the FET Q2 
and low speed and high endurance bipolar characteristics of the 
transistor Ql taking notice of the fact that the switching speed of 
an FET is generally greater than that of a bipolar transistor. 

-Referring fir Bt to the case of turning the composite 
transistor Ql and Q2 ON, since the FET Q2 is connected to the emitter 
El of the BPT Ql to enable the base current 1^ to be turned ON and 
OFF in this circuit, and the base voltage e B applied to the base Bl 
of the BPT Ql can be made relatively high, when the ON-OFF signal 
voltage e Q is applied to the FET Q2 to turn the transistor Q2 ON, 
the voltage VDS between the drain D and the source S falls rapidly 
thereby abruptly raising the base current I Bl to rapidly turn BPT 
Ql ON and, accordingly, both transistors Ql, Q2 are switched ON. In * 
this case, the zener diode ZD1 is in the OFF state (non-conduction). 

When turning OFF the composite transistor Ql and Q2, an 
ON-OFF signal voltage e Q is applied to the FET 02 to turn OFF the 
transistor Q2. The voltage VDS between the. drain D and the source S 
of the FET 02 abruptly increases to block the collector current I c - 
At this instant, the collector current I c flowing through the base 
and the emitter of the BPT Ql is transferred to the zener diode ZD1. 
In this way, since carriers accumulated at the base of the BPT Ql are 
rapidly discharged, the transistor Ql and, accordingly, the composite 
transistor 01 and Q2, is rapidly turned OFF to . interrupt the 

collector current I c - 

In this case, the zener diode ZD1 is used in the transferring 
path as described above, so as to maintain the voltage VDS between 
the drain and the source of the FET Q2 to lower than a limit voltage 
capable of turning off (switching inhibition voltage BVDS) upon 
turning OFF the FET Q2, that is, upon transfer of the collector 
current I , while hindering wasteful shunting, via the zener diode, 
of the base current I gl supplied from the base power supply EB to 
the connection to the base Bl of the BPT Ql, in the case where the 
composite transistor Ql and Q2 is turned ON, so that it effectively 
forms the base current Ig. 
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OFF. stray inductance U or the wiring bet.een the emitter El of 

^ •„ n «f the FET Q2 sometimes generates a 

BPT Ql and the drain D of tne rci 

rjitionnl exce..i.e v.lt.g. I .pi*, volt.g.) in trying to rn.lnt.in 
rprelne current Undie.t.d in brohen line in Fig. 2). renown, 

in tore.kdo«n or the FET 02. . pet' 02 

!„ thi. c..e. the provision of me.n= ror d.l.yxng the FET 
t „ turn OFF lo.ere the spike voltage and breakdo.n of the FET Q2 can 
: led. Ho.ever. on the other hand, the total e.itching 
1 composite tranaiator St. 02 becomes large and thereby the object 
" adopting thi. Circuit ror uae in high rr.ouency circuit, cannot ha 
attained. 

It la an object or the preaent invention to provide 
switching device .hich emelior.tes .aid prohlem. and .aha. It 
po.sibl. to adopt aaid composite translator arrangement fo us e n 
High rreouancy ..itching circuit, .hi!, .rrectiv.ly utilising 

Btra ' "ng^o thi. invention there i. provided a ..itching 
device co.pri.irig • "ret bipol.r tranaiator having it. 
toUector-e.itt.r ..in conductive path connected in .aria, .ith th. 
«!„ conductive path of a .econd tranaiator having a control 
electrode ror receiving an OH-OFF control algnal voltage ror 

itching. C and OFF the .econd tranaiator .o .. to 
the series-connected main conductive path. For control lin, the .upply 
of . load current, connection, being provided for .upplying ba.e 
I r en to th. nrat tr.nai.tor, . third tranaiator having it. mam 
Luctiv. path connected ecroa. ..id b... current .upply cations 
and a z.ner diode connected het^en the control electrode o the 
tnlr a tr.„.i.tor .nd . point bet.een the main ^ * f 
first end second transistors such thst ssld xener diode supplies 
r „ to th. baa. or the third tranaiator to ..itch the letter to 
r. the rirst transistor to be ..itched OFF in a controlled manner. 

z ener diode to exceed it. threshold voltage. 

Embodiments or thi. invention .ill no. be described, hy .a, 
of example, .1th rer.rence to the accompanying dra.inga in .hich:- 
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Figs. 1(A) and 1(B) are respective circuit diagrams of 
different forms of switching device embodying this invention; and 

Fig. 2 is a circuit diagram of a known form of switching 
device embodying this invention. 

In Fig. 1(A) there is shown a modified form of the switching 

device shown in Fig. 2 in which, instead of the zener diode ZD1 , the 

collector C3 and emitter E3 of an auxiliary transistor Q3 are 

connected so as to provide a shunt circuit for the base current. Ig^ 

of the BPT Ql and moreover a zener diode ZD3 is connected between a 

point immediately adjacent to the drain D of the FET Q2 (i.e. at a 

point where the stray inductance between such point and the drain D 

can be disregarded) and the base B3 of said auxiliary transistor Q3- 

In addition, the zener (threshold) voltage of the zener diode ZD3 is 

set lower than the maximum drain source voltage (the switching 

rejection voltage BVDS) of the FET Q2. 

In this circuit, when the FET Q2 turns OFF, a base current 

I is supplied to the base B of the auxiliary transistor Q3 
B3 

through the zener diode ZD3 with a voltage induced by the stray 

inductance LI so that the transistor Q3 turns ON, shunting the base 

current I n1 by providing a short-circuit between the base B of the 
BI 

BPT Ql and the source S of the FET 02 and turning OFF transistor Ql 
in a controlled manner by discharging carriers accumulated at the 
base of the BPT Ql. Moreover, in this case, a voltage between the 
drain D and source S of the FET Q2 is limited by the zener 
(threshold) voltage of the zener diode ZD3 and thereby prevents 
breakdown of the FET Q2. Thus, the composite transistor Ql, Q2 can be 
turned OFF quickly without resulting in breakdown of the FET Q2. 

In Fig. 1(B) there is shown a modified form of the device 
shown in Fig. 1(A) where a voltage induced by stray inductance L2 of 
the external line of the collector connection for collector CI is 
absorbed when the BPT Ql turns OFF and it is used for causing 
transistor Ql to turn ON. In this circuit, a zener diode ZD 1 * is 
connected between a point immediately adjacent the collector CI of 
the BPT Ql (at a point where the inductance between this point and 
said collector CI can be disregarded) and the base B3 of the 
auxiliary transistor Q3. The zener (threshold) voltage of this zener 
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diode ZDH is set lower than the maximum collector-to-source voltage 
which can be allowed for the composite transistor Ql and Q2. 

In this circuit, when the BPT Ql turns OFF, a base current 
I is additionally supplied to the base B3 of auxiliary 
transistor Q3 through the zener diode ZD4 with a voltage induced by 
the inductance L2 and thereby said transistor Q3 is triggered to 
become ON and the BPT Ql , and hence the composite transistor Ql, Q2 
are quickly turned OFF in a controlled manner. Moreover, since the 
collector-emitter voltage of the BPT Ql is kept at a value lower than 
the allowable value by the appropriate selection of the zener diode 
ZDH breakdown of the BPT Ql can be prevented. 

In the embodiments shown in Figs. 1(A) and 1(B), the FET Q2 
may be a low voltage resistance bipolar transistor and the auxiliary 
transistor 03 may be an FET, and modes of operation similar to the 
embodiments described above can be realised. 

However, where the auxiliary transistor Q3 is an FET, the 
base currents I^, are mostly shunted via a resistor R2 

provided in parallel to the path between the base B3 and emitter E3 
of the auxiliary transistor Q3- 

The embodiments shown in Figs. 1(A) and KB) each provide the 

advantages that : - 

1. When the switching device is turned OFF, a spike voltage 
generated by the stray inductance of the main circuit wiring between 
the first and second transistors reaches the base (gate) of a third 
transistor through the zener diode provided, and thereby the 
drain-to-source (collector-to-emitter) voltage of the second 
transistor is limited to almost the zener (threshold) voltage or said 
zener diode, avoiding breakdown of the second transistor. 

2. The stray inductance can be effectively utilised for 
switching OFF the composite transistor. 

3. The switching device can be adopted for use in high frequency 
circuits because the turn-OFF time of the second transistor and 
thereofre the switching time of the composite transistor is not 
significantly delayed. 
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Thus the embodiments shown in Figs. 1(A) and 1(B) and 
described above provide a switching device comprising a first bipolar 
transistor Ql having its collector-emitter main conductive path C1E1 
connected in series with the main conductive path DS of a second 
transistor Q2 having a control electrode G for receiving an ON-OFF 
control signal voltage e 0 for switching ON and OFF the second 

transistor 02 -ao -as te- open and close the series-connected main- 

conductive paths C1E1,DS for controlling the supply of a load current 
I c , connections being provided for supplying base current to 
the first transistor Ql, a third transistor Q3 having its main 
conductive path G3E3 connected across said base current supply 
connections and a zener diode ZD3 connected between the control 
electrode of the third transistor Q3 and a point between the main 
conductive paths of the first and second transistors Q1,Q2 such that 
said zener diode ZD3 supplies current to the base of the third 
transistor Q3 to switch the latter to cause the first transistor to 
be switched OFF in a controlled manner, only when the voltage at said 
point causes the voltage across the zener diode ZD3 to exceed its 
threshold voltage. 
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CLAIMS : 

1. A switching device comprising a first bipolar transistor 

having its collector-emitter main conductive path connected in series 
with the main conductive path of a second transistor having a control 
electrode for receiving an ON-OFF control signal voltage for 
switching ON and OFF the second transistor so as to open and close 
the series-connetrted main- conductive paths for controlling the supply 
of a load current, connections being provided for supplying base 
current to the first transistor, a third transistor having its main 
conductive path connected across said base current supply connections 
and a zener diode connected between the control electrode of the 
third transistor and a point between the main conductive paths of the 
first and second transistors such that said zener diode supplies 
current to the base of the third transistor to switch the latter to 
cause the- first transistor to be switched OFF in a controlled manner, 
only when the voltage at said point causes the voltage across the 
zener diode to exceed its threshold voltage. 

2. A semiconductor device in which the emitter of a first 

transistor is connected with a drain (collector) of a second 
transistor, and an auxiliary DC power source is connected between the 
base of the first transistor and the source (emitter) of the second 
transistor to supply a base current to the first transistor, an 
ON-OFF signal voltage is applied between the gate (base) and the 
source (emitter) of the second transistor and an externally supplied 
load current is turned ON and OFF by way of a series circuit of the 
collector-emitter of the first transistor and the drain-source 
(collector-emitter) of the second transistor, where:* the collector 
(drain) of a third transistor is connected to the base of the first 
transistor, while the emitter (source) of the third transistor is 
connected to the source (emitter) of the second transistor 
respectively, and a zener diode is connected between the drain 
(collector) of the second transistor and the base (gate) of the third 
transistor with a polarity such as to allow a base current to flow to 
the third transistor only when the voltage at the drain (collector) 
of the second transistor exceeds the threshold voltage of the zener 
diode . 
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3. A switching device according to claim l f wherein said second 
and/or third transistor is a field effect transistor whose 
drain-source path provides said main conductive path. 

4 . A switching device according to claim 1 , wherein said second 
and/or third transistor is a bipolar transistor whose 
collector-emitter path provides said main conductive path. 

5. A switching device according to claim 1, wherein said second 
transistor is a field effect transistor and said third transistor is 
a bipolar transistor, 

6. A switching device according to any one of the preceding 
claims, wherein the point between the main conductive paths of the 
first and second transistors to which the zener diode is connected is 
made immediately adjacent the second transistor to minimise stray 
inductance between said point and the main conductive path of said 
second transistor. 

7. A switching device according to any one of the preceding 
claims, wherein a further zener diode is connected between the 
control electrode of the third transistor and the side of the main 
conductive path of the first transistor remote from the second 
transistor. 

8. A switching device according to claim 7, wherein said further 
zener diode is connected to the side of the main conductive path of 
the first transistor at a position immediately adjacent the latter to 
minimise stray inductance between said position and the first 
transistor. 
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